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Important Engineering Leadership Qualities

ARequisite Experience: Has the experience and record of success to be
successful and elicit respect from the team

ATechnical Excellence: Has exemplary technical knowledge and skills, and is
creative and innovative

A Selflessness and Humble: A | eader 6s sel fl essness
for the team

ACares About Team Members: Genuinely cares about the individuals on the team
and seeks to promote their individual success

APassion for the Project: Is passionate and committed to the project

AManages Uncertainty: Makes decisions and strategically manages in the
presence of uncertainty



Decision-Making in the Presence of Uncertainty

AWhen training as an engineer, focus is often on learning and applying first
principles where engineering problems are presented with certain parameters

AEngineering in the real world is awash in uncertainty!

AEngineering leadership requires the ability to manage and lead in the presence
of uncertainty
I Engineering and technical uncertainty
I Schedule uncertainty
I Cost uncertainty

ALeading and decision-making in the presence of uncertainty requires
acknowledging, accounting and planning for it



Mars Entry, Descent and Landing

AInSight landed on Mars on November 26, 2018

InSight EDL Architecture

» Final EDL Parameter Update (executed): E-22 hrs A Landed in EIyS| um Plan |t|a
i/ + Entry State Initialization and Propagation Start: E-10 min Entry Prep near the Martian equ ator

« Cruise Stage Separation: E-7 min

* Slew to Entry Attitude: E-6.5 min A Used an entry VEhICIea a
« Atmospheric Entry Interface: E+0 sec, r=3522.2 km, EFPA=-12.044° paraChUte and descent

Hypersonic

@ Pk Deceleaton:E4105.2556,76 G rockets to perform the landing
\ * Parachute Deployment: E+217.4 sec, 10.9 km
® \_ " eHeatshield Jettison: E+232.5 sec, 8.9 km
e 4 Parachute
& ¢ Leg Deploy: E+242.5 sec, 8.0 km
@ * Radar LVLH Frame Init/Search for Ground: E+272.1 sec, 5.8 km
\\—\:// » Radar Ground Lock: E+323.0 sec, 2305 m

\
\—/0 * Lander Separation: E+343.8 sec, 1043 m

? E « Gravity Turn: E+346.8 sec, 856 m Terminal Descent

e

~ < Constant Velocity Start: E+369.1 sec, 51 m
* Touchdown: E+383.6 sec, 0.3 m

Nominal Predicted Performance from Final « Solar Arrays Deployed: TD+32 min (per design)

Pre-Entry Navigation State .r?—g;\’

artist rendition
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Uncertainty and Mars Landings

AWhat types of uncertainty would you expect is faced by a Mars landing?
AWe 6 | | take a moment to brainstorm Mar s

Uncertainty in the spacecraft performance
A Aerodynamics of the entry vehicle
A Mass and center of mass location of the entry vehicle
A Aerodynamics of the parachute
A Performance of accelerometers and gyroscopes
A Thrust from the lander rocket engines

Uncertainty in the environment of Mars

A Structure of the atmosphere on landing day (density)
A Velocity of winds by altitude
A Landing location relative to hazards seen and unseen

Lander



Monte Carlo Simulation

AMonte Carlo techniques are statistical methods of modeling and analyzing
complex systems, first named as such shortly after the end of World War Il

Alt is a method by which many variations of a simulation are run to generate a
comprehensive set of outcomes, which can be statistically assessed and
analyzed

ABecause it is impossible to test a Mars landing system on Earth (wrong gravity
and atmosphere), Monte Carlo simulation is used extensively in EDL systems
engineering

AMonte Carlo input parameters are treated as random variables to capture the
range of uncertainty expected during the landing

ALanding Monte Carlos often simulate many thousands of individual landings
I InSight typically simulated 8000 landings per Monte Carlo



Entry, Descent and Landing Monte Carlos

Input distributions representing
expected uncertainties

Output distributions representing the range and
likelihood of outcomes

Spacecraft
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A h
Spacecraft i
: Deployment
Drag Six Degree of Altitude
N Freedom A
Monte Carlo
Simulation
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Often run on a supercomputer
Mars Wind Touchdown
Field k k Velocity
A -

Inputs are randomly sampled
from uncertainty distributions
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System Performance and Statistics

A Performance histograms and their
associated statistics provide an
understanding of the likelihood of
performance from the system given
the uncertainties expected

A In EDL systems engineering,
performance statistics are tracked
and assessed against limits that are
often based on engineering
requirements

A Often the focus is on the tails of the
distributions, looking at 99%-tile
performance

A The distributions are used to make
engineering decisions while
accounting for uncertainty
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Landing Footprint

A An EDL Monte Carlo simulation also
provides a set of dispersed landing points,
with each point presenting the landing
location from a single trajectory in the Monte
Carlo

A The distribution of points often
approximates a bivariate Gaussian

A An ellipse drawn at the 3-sigma boundary of
the distribution and is referred to as the
landing footprint

A The footprint represents the uncertainty in
landing location and is used in the process
of making landing targeting decisions

Dispersed Landing Points




InSight Landing Region i Elysium Planitia

Terrain

Smooth
Ridged
Crater Rim Terrain

Ejecta

Rocky Craters
Etched
Gradational Etched
Highland Scarp

Dense Crater Swarms

A The Elysium Planitia landing region is
generally very flat and safe (like a big
parking lot)

A Through images taken from orbit, planetary
scientist characterized the different terrain
types

A The Mission Design Ellipse is the official
landing location selected before launch




Engineering Decision Case Study: InSight TCM-6

InSight Planned Trajectory Correction Maneuvers ATrajectory Correction Maneuvers (TCMS) are
| small rocket burns to keep the spacecraft on
the correct trajectory to Mars

AInSight had 6 TCMs planned on the way to
\VEETES

ATCM-1, TCM-2, TCM-3 and TCM-5 were
performed

ATCM-6, the final maneuver, was planned for
22 hours before landing, a final opportunity
to adjust the location of the landing footprint

AInSight project leadership had to make a
decision about executing TCM-6 in the
presence of uncertainty




TCM-6: The Decision Room
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